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Abstract: It has been recognized in the past that the traditional Database Management Systems canno t han-
dle efficiently spatia l data in mutil-dimensional space. This pape r focuses on deriving efficient access me thods
fo r spa tial objects in Geog raphical Information Sy stems ( G IS). First , we discuss th e cla ssification o f ex isting
spa tial index ing m eth ods and point out the problems o f them. Second, the approx ima te representation o f spa-
tial objects is giv en. Third, the st ruc ture and the algo rithm of CP-tree, which based on the convex po lyhe-
dra, are pr oposed in detail. Fina lly , we compare search pe rfo rmance betw een CP-tr ee and R-tr ee. It is found
that CP-tree requires a few CPU time and disk accesses for r egion sear ching than the R-tr ee. Thus, it en-
hances the spa tial quer y perfo rmance r emarkably.
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?　?: 空间检索技术是有效地管理和操纵空间数据的一种必要手段。本文分析了目前常用的
空间检索方法在地理信息系统应用上的局限性 ,提出了一种基于凸多边形的空间索引技术。本
文首先介绍了目前常用的几类空间索引技术及其特点 ,接着讨论了面向地理信息的空间索引
技术面临的基本问题 ,提出了基于凸多边形的空间索引结构—— CP-树 ,并侧重分析了其空间
运算算法及时空效率 ,最后指出了空间索引技术所存在的问题及下一步的研究方向。
　　????: 1999-07-20; ????: 2001-01-04
????:??????????? ( PolyU 5093)
????:??? ( 1963-) ,? ,????????? ,?? ,????????????。
???: 地理信息系统 ;空间索引 ; R-树 ; R+ -树 ; CP-树 ;凸多边形
1　前　言
?????? ( Geog raphical Info rmation
Sy stem ,?? GIS)????????????
???????????????????。 ?
? ,??????????????????? ,
???????????????? ,????
?????。
R-?????????????????
?? [1～ 4 ]。???????????? ( Minimum
Bounding Rectangles,?? MBR)??????
??。 R-?????????? ,??????
?????? 50%?? [1 ]。 ?? , R-?????
?????????? ,??????????
???????????????????? ,
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?????。???? ,????????? ,?
??? R-???????? 2???????
?????????????????。? R-?
?????? ,?????????? ,????
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R-???????????????????
? ,?????? ,?????????????
????????。
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Fig. 1　 Th e structure o f R-tree and query spa tial objects inter sec ted with window W
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157? 2?　　　　　　　　　　　　　????: ?????????????????
???。?????? ,???????????
?????????????。????? ,??
??????????????????——
CP-?。 ??????? CP-????????
? ,?????????????? ,?????
????????????????????
? ,?? ,???????????。
2　基于凸多边形的空间索引结构
2. 1　???????????????
??
???? , GIS????????????
???? ,????????????????
?????? (??? ,??? ) ,???????
??。 ?? ,??????? ,????????
? ,???????????????????。
?????????????????????
? ,?????????? ,?????????
????。
???????? ( convex po lyhedra )??
???????。????? d????? Rd
?????、?????。? Rd?????? ,?
????????? 2?? ,??? 2????
??????????? ,?????????。
???? ,???????????? ,????
?????????????????????
???? [7 ]。?? ,?????????????
?????? ,??????????????
? ,??????????????。
2. 2　 CP-??????
CP-????????????????
? ,?? B-????????????? ,?? ,
? B-??? ,???????? ,??????
????? ,????????????。 CP-?
????????? 2??????。
??? L??????:
　　L: ( E1 ,… , En )　 (n≤ML )
　　Ei: ( o bject-identifier, CPO LY)
?? ,ML???? L???????????
? ; Ei ??????? L?????? ,???
?????? ( object-identi fier) ??????
? k????? ( C PO LY)。
???? N??????:
　　N: (C1 ,… ,Cn )　 (n≤MN )
　　Ci: ( child-pointer, CPOLY)
?? ,MN????? N??????????
? ; Ci????? R-????????????
? (child-pointer)??????? ( C PO LY) ,?
?????????????????????
?????。? 2??????? 1??? R-?
???????? CP-??????。
? 2　 C P-??????
Fig . 2　 The plana r r epresentation o f an CP-tree
2. 3　????
CP-??????? R-??? ,?????
???????? ,?????????。???
??????????????????? ,?
?????? ,??????????????
?????????? ,??????????
?????????????。 ?????:
Alg o ri thm Search (N , W ) ;
{?? N????? CP-?? ,?????
?? W?????????? }
Begin
　 If N <> N IL do
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　 If N : (C1 ,… ,Cn ) i s a non-leaf node Then
　　 For i: = 1 to n do
　　 [check Ci: ( chi ld-pointer, CPOLY) ;
　 　 If CPOLY overlaps wi th W Then
Search(Ci . chi ld-pointer,W ) ; ]
　 If N : (E1 ,… , En ) is a leaf node Then
　　 For i: = 1 to n do
　　 [check Ei: ( o bject-identifier, CPOLY) ;
　　 If CPO LY overlaps with W Then re-
turn( object-identifier) ]
End.
2. 4　????
CP-????????。 CP-???????
??? ,??????????。 ???? M?
? CP-??? ,?????????? (M /2)?
?? ,?? ,?? CP-??????????? ,
??????? 2???: ???????? ,?
????????? ,???????? ,???
?????????????????。 ???
???????????? (M-1)? ,????
????????? ,?? ,?????????
? ,?? (M+ 1)?????? 2??? ,???
??? 2???。 ?????:
Alg o rithm Inser t( N , P ) ;
{?? N????? CP-?? ,?????
??? P: (o bject-identifier, CPO LY) } ;
Begin
If N: ( E1 ,… , En ) is a leaf node Then
　 [ If n <ML Then [P--> N: ( E1 ,… , En ) ; n:
= n+ 1) ]
　 Else Spli tNode ]
Else If N: (C1 ,… , Cn ) i s a non-leaf node
Then
　 [Choo se (Ci ) ; { Choo se the object Ci in N
whose convex po lyhedra needs least area en-
larg ement to include the new convex polyhedra
CPOLY}
　 Insert (Ci . child-pointer, P ) ]
End;
Alg o rithm Spli tNode;
{? ML+ 1??? E1 , E2 ,… , EML , EML+ 1?
?? 2??? ,???? 2??????? }
Begin
Fo r i: = 1 to ML do
　 Fo r j: = i+ 1 to ML do
　 　 [ R: = Combine ( E i . C PO LY, Ej .
CPOLY) ; {R is the convex po lyhedra composed
by Ei and E j }
　 d: = area ( R ) -area ( Ei . C PO LY ) -area
( Ej . CPO LY) ;
　 If d= Max ( area) then [G1: = i; G2: =
j ] ]; { Choose the pai r of ent ries Ei and Ej w ith
the larg est d; Ei and E j to be the first entries of
tw o g roups G1 and G2 }
　 Repeat
　 If Ei not in G1 o r G2 then
　 For i: = 1 to ML+ 1 do
　　 [d1: = area ( Combine(G1. CPO LY, E i .
CPOLY) ) ;
　　 d2: = area ( Combine (G2 . CPO LY, E i .
CPOLY) ) ;
　　d: = d1 - d2 ;
　　 If d > Max ( d ) Then [M ax (d ): = d;
G: = i ] ]; { Choose the entry Ei no t yet in a
g roups w ith the maximum di fference between d1
and d2 }
　 If d1> d2 Then Ei --> G2 Else Ei--> G1 ;
　 Until ( All ent ries are dist ributed o r one
o f the tw o g roups has M-m+ 1 entries) ;
　 If ent ries remain, assign them to the oth-
er g roup such that i t ha s the minimum number
m ;
End.
???????????????????
?????? ,??????????????
?? Eddy??? 1977??????????
?????? ,??????????? [8 ]。
3　实验评估
???? R-?? CP-?????? ,???
??????????? CP-?? R-????:
???? (cov erage)???、???? ( ov erlap)
???、???????? CPU??????
???、???????? CPU??????
???。
R-?? CP-??????????????
?????????????????????
???????? ;????????????
159? 2?　　　　　　　　　　　　　????: ?????????????????
?????????????????????
?????????。 ?? ,????? R-??
CP-??????????????????。
????????????????????
? ,??????????????????。
? R-?? CP-????? H ,? i????
N??? {Pi1 , P i2 ,… , PiN } ,????????
Pi j?? M ??? { Pij , 1 , Pij , 2 ,… , P ij, M } ,??
Pi j, K?????????????? Rarea( Pi j ,K ) ,
???????? CParea( P
i j ,K
) ,? R-??? i?
????? ( Rcov erage(i) )????? ( Roverlap( i) )?
Rcoverage(i )=∑N
j= 1
∑N
k= 1
Rarea( P
i j ,k
)
Rar ea( P
i j
)
N
Roverlap(i) =
{p|p∈ ∩N
j= 1
Pij }
{p|p∈ ∪N
j= 1
Pij }
?? ,|A|???? A??????。
R-???????????????
Raverage coverage= ∑H
i= 1
Rcoverage( i) H
Raverage over lap= ∑H
i= 1
Rov erlap(i ) H
CP-??? i?????? ( C Pcoverage( i) )????
? ( CPoverlap(i ) )?
CPcoverage(i )=∑N
j= 1
∑M
k= 1
CParea( P
i j ,k
)
CParea(P
i j
)
N
CPoverlap(i )=
{p|p∈ ∩N
j= 1
Pi j }
{p|p∈ ∪N
j= 1
Pi j }
CP-???????????????
CPaverage coverage= ∑H
i= 1
CPcoverage(i ) H
CPaverage over lap= ∑H
i= 1
CPoverlap (i) H
???? CP-???? ,????????
?? Pentium II 333M Hz? PC? ,?????
??? 1 280× 1 024。?????? 2????
? ,???????????? ,???????
?????????? (?? 3) ,??????
????????? (?? 4)。
? 3　???????????
Fig . 3　 A se t of convex polyg on generated random ly
? 4　??????
Fig. 4　 A set o f na tural objects
????????????? 5 000, 10 000,
20 000, 30 000?????????。?????
??????????????? ,? R-??
CP-??????????? 5? 6??。
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? 5　???? R-?? CP-??????
Fig. 5　 Per formance o f R-tree and CP-tree fo r r andomly gener ated objects
? 6　?????? R-?? CP-??????
Fig. 6　 Per formance o f R-tree and CP-tree fo r natura l objects
4　结　论
?????????????????
( CAD /CAM )、?????? ( GIS)、????
( image processing )、 ? ? ? ? ? ? ? ?
( V RML)、???? ( digi tal ea rth )??????
??????????? ,?????????
???????????。???? GIS???
????? ,??????????????
—— R-???? ,???????? ,????
??????????????—— CP-? ,?
?????????????????????
??????????。??????? , C P-?
??????????? R-????? ,?? ,
??????? R-?????????? ,??
???????????。
???????????????????
??。??????? ,??? CP-??????
???、?? ;??????????? ,???
????? ,??????。
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